Abstract Manufacturing and marketing of mineral mixtures with less than 40 g kg −1 phosphorus (P) is prohibited under Brazilian regulations, although scientific evidence rejects this recommendation. Considering the hypothesis that P levels in commercial mineral supplements can be reduced without affecting animal performance and health, the objective of this experiment was to evaluate the effects of reducing the concentration of P in the mineral supplement (from 40 to 18 g kg
Introduction
Brazil produces more than 85 % of its slaughtered cattle raised on tropical pastures and the cow-calf system is located mainly in the areas of cerrado (savanna) and natural fields, characterized by low soil fertility. About 80 % of Brazilian arable land has some limitation in P availability, which determines the need, to a great or less extent, of P supplementation to grazing animals, to ensure good health, performance, and economic viability of the farm (Malafaia et al. 2014) . McDowell et al. (1983) suggested that, in order to correct the P deficiency of cattle raised on tropical pastures, a mineral mix containing 60-80 g kg −1 P in its composition should be used and that this mixture ought be provided throughout the year; this recommendation which has almost become a dogma in the production of cattle raised on pastures in Brazil. On the other hand, such generic recommendations do not account for variability between farms and regions of Brazil (Tokarnia et al. 2010; Malafaia et al. 2004 Malafaia et al. , 2014 . Other nutrients (energy and protein) and suitable forage mass on offer may be the first limiting and so no response to P supplementation may occur in this situation (Van Niekerk and Jacobs 1985; Rosa 1993; Malafaia et al. 2014) . The so-called nutritional and clinical examination of the herd is the best way to establish a diagnosis of a mineral deficiency and to supply an economically viable and safe mineral supplement to livestock. The main aspect in the investigation of any problem related to minerals for cattle raised on pastures is that professionals must obtain (1) a detailed history about the nutritional and health status of the herd, associated with a careful clinical examination of some animals, and (2) gather data about performance (weight at weaning or age at first parturition), reproduction (fertility rate and calving interval) and, if possible, chemical analysis of animal tissues (Tokarnia et al. 2010) . However, the final statement is through experimentation, which consists in giving the suspected or deficient mineral to a group of animals and to compare performance or reproduction parameters with another group that did not receive the mineral in question (Tokarnia et al. 2010; Malafaia et al. 2004 ).
Mineral supplementation is costly and can range from 10 up to 14 % of the operational costs (ANUALPEC 2013). Although technically feasible, manufacturing and marketing mineral mixtures with less than 40 g kg −1 P is prohibited by Brazilian regulations (BRASIL 2004) . Thus, considering the hypothesis that P levels in commercial mineral supplements can be reduced without affecting animal performance and health, the objective of this experiment was to evaluate the effects of reducing the concentration of P in the mineral supplement of a typical herd of beef cows on reproductive and productive parameters and the cost of mineral supplementation.
Materials and methods
This study was carried out in a private farm situated in Agua Clara/MS, Brazil (20°29′56″ S; 52°22′7″ W) during the years 2011 to 2013. The farm, located in the cerrado region, developed an extensive cow-calf system with Nellore cows raised under suitable sanitary control and livestock bookkeeping. The farm used a continuous grazing system where the stock ratio was set depending on the forage mass on offer. Pastures were comprised of signal grass (Urochloa decumbens (Stapf) R. Webster) without any fertilization or soil improvement (Table 1) , and the paddocks were about 100 ha with free access to water and troughs for mineral supplementation. The herd consisted of approximately 1300 cows that had received for several years a commercial mineral supplement with 40 g kg −1 P in its composition. In the breeding seasons of 2011, 2012, and 2013 , healthy cows in the reproductive phase and aged between 4 and 12 years were randomly divided into two groups and received mineral supplement with 18 (P 18 ) or 40 g kg −1 P (P 40 ) ( Table 2 ). The experimental groups were placed on separated signal grass paddocks and managed under continuous grazing system with the stocking rate ranging from 0.4 to 0.6 cows ha −1 . The use of P 18 supplement was based on previous clinical and nutritional examinations of the herd as recommended by Tokarnia et al. (2010) and Malafaia et al. (2014) . For both groups, the replacement of mineral supplements was done weekly or when the troughs were nearly empty.
The breeding season (BS) began in September and ended in December. The bulls were placed in the group of cows at a ratio of 1:25, always ensuring similar age and weight to minimize disturbances linked to the hierarchy of leadership among males.
Before the start of the experiment, from July 2009 to June 2010, the forage was sampled monthly by simulating animal grazing and submitted for chemical analysis of crude protein (CP), neutral detergent fiber (NDF), Ca, P, and Mg. The annual rainfall was recorded and grouped in the 4 months prior to the BS and within 4 months of the BS.
Data on fertility rates (FR) were described in percentage of calves born per cow. There is an important question regarding inferences about FR, because cows cannot be considered as experimental units as they are nested within each pasture of the farm; time, if accounted for, represents a repeated measure taken in the same experimental unit; therefore, year can be accounted for as an additional main classification. However, if cows are not the same within each year, then cows must be nested within year, despite the many variables measured in these animals. Any comparisons need to have true replications for statistical analysis purposes, and in this case, true replicates were absent. In this regard, FR was necessarily computed only as a percentage of total pregnant cows within years. The calving interval (CI) of the herd was described in days, and maternal ability was evaluated by the weight of calves at weaning adjusted for 240 days (WW 240 ). The interpretation of economic data was made by comparing annual costs considering the use of both types of mineral mixtures (P 18 and P 40 ). The confidence intervals of the means were computed for a confidence level of 95 % by assuming normality of distribution for the random variables sampled.
Results
There was no apparent relationship between P levels in either type of mineral supplement and fertility rate of cows (Table 3) . Before the start of experiment, the FR average was 88.7 % for 3 years where the mineral supplement P 40 was utilized and this value was considered as reference for comparison with the FR values obtained during the 3 years of the experimental period, which had an average of 88.9 to 89.4 % for P 40 and P 18 , respectively (Table 3) . As the herd was raised only on pasture, the fertility rates become highly dependent on rainfall, which in turn defines directly the forage mass on offer for cows. The rainfall in the 4 months prior BS and within the BS is shown in Table 4 . Another important index that directly affects the reproductive efficiency is calving interval (CI). In this regard, as was observed for the fertility rate, no practical differences were observed in the years 2012 and 2013; but in 2011, there was an apparently anomalous elevated CI for P 40 (Table 5) .
There were small differences in weight at weaning (WW 240 ) for males where their mothers received P 40. Interestingly, these same group of cows produced heaviest calves in 2012 and lightest in 2013 (Table 6) ; but when evaluated in terms of the confidence interval, the average of WW 240 for P 40 and P 18 is within the same population. The reduction in WW 240 , for males and females in 2011, was a result of the restriction on forage supply to the cows due to severe drought in 2010 (Table 4) that probably reduced body condition score at parturition and consequently compromised milk production.
The average P in the dry matter of pasture was 1.9 ± 0.45 g kg −1 DM (Table 7) . McDowell et al. (1983) after analyzing 1129 samples of different forages from Latin America, found about 73 % of samples containing less than 3.0 g P kg −1 DM, and in the same publication the authors described a P requirement ranging from 1.8 up to 4.3 g kg
DM for beef cattle. Rosa (1993) reported that 72 % of the forage samples had concentrations of P less than 1.2 g kg
DM. The differences observed in the average daily consumption (Table 8) are derived of the amount of sodium chloride (NaCl) present in each one of the supplements, which in turn is inversely proportional to P concentration. Thus, P 40 supplement with smaller amount of NaCl in its composition and a larger concentration of P was the most expensive per kilogram, the most consumed and generated the greatest expense to the farmer (Table 8) . Assuming a relative expenditure of 100 % for the formula with P 40 , it can be seen that using the P 18 supplement, there was a reduction in annual costs of about 37.6 percentage units (Table 8 ).
Discussion
The hypothesis that the decrease in P concentration in mineral supplementation did not alter the reproductive parameters was confirmed in this experiment that investigated over 3 years a larger number of cows submitted to a P 18 mineral supplement (Table 3 ). The fertility rate and doses of semen/pregnant cow were also similar when beef cows raised on signal grass received only a supplement of sodium chloride instead of the commercial mineral supplement (Peixoto et al. 2003) . It was also observed that beef cows reared on koronivia grass (Urochloa humidicola) pastures and supplemented with sodium chloride plus trace elements or a supplement with 111 g kg (1983) and indicate that there is no association between P content in mineral supplements and good reproductive parameters when adequate forage mass is available to the cows. Call et al. (1978) found no beneficial effects in reproduction of beef heifers after 2 years of evaluation, when they were provided supplements with P concentration 66 % lower and 172 % higher than the value recommended by the NRC. Thus, if the proposal to make a mineral supplementation based on clinical and nutritional diagnosis of the herd was wrong, it would be expected that, after 3 years of experimental evaluation and in 2014 and 2015, the supplementation with the mixture containing lower concentration of P should affect negatively reproductive parameters; a fact that was not observed.
WW 240 is critical in the cow-calf system, because at that time, the first data about calf development are obtained and it is possible to evaluate maternal ability of cows. Therefore, WW 240 is highly dependent on an adequate nutritional status of the cows and of the health and genetic potential of the calves. For this reason, WW 240 was used as a parameter for the detection of a possible subclinical mineral deficiency in the cows in this study. Weights of beef calves were similar when cows received different P supplementations in South Africa (De Waal et al. 1996) suggesting that there may have been mobilization of bone P reserve by the cows. According to Van Niekerk and Jacobs (1985) P supplementation of cows did not interfere with intake, body weight, and productive indexes of British breed calves when their mothers were not properly fed with energy and protein, the main nutrients to the cows. Valk et al. (2002) concluded that high producing dairy cows subjected to lower P intake maintain lactation during the first year of restriction, however, reduce dry matter intake and milk production from the second year on. In this situation, there may be depletion of body P reserves and phosphorus deficiency becomes more evident. According to this premise, the WW 240 of the calves in this experiment should be reduced over time if the P ingested from the pasture and from the P 18 supplement were not able to meet the requirements of cows. This reduction in WW 240 was not consistently observed during the experimental period or when P 18 was used in 2014 for all cows of the farm (Table 6) .
As pointed out by Tokarnia et al. (2010) and by Malafaia et al. (2004 Malafaia et al. ( , 2014 ) soil and forage analysis should not be the only criteria to determine P status of a herd; this procedure is less important than the clinical and nutritional examination of the herd. According to the NRC (1984) . P concentration found in forage (Table 7) would not meet the requirements of lactating (6 kg.d DM. However, the NRC (2000) recommends that requirements of those animals are met when the P concentration in the forage is from 1.8-2.0 g kg −1 DM. In Brazil, the main aspect that prevents or even limits the response to P supplementation is a quantitative restriction of forage supply to the animals, commonly seen on farms during the dry season; the qualitative part (crude protein and energy content) is most often secondary to quantitative restriction in the forage mass on offer (Malafaia et al. 2004 (Malafaia et al. , 2014 . Costs composition of cow-calf systems under pasture condition, the most prevailing model in farms of Brazil, has as one of its main components the mineral supplementation. As P is the most important item in the cost of a mineral supplement, it becomes clear that if there is a rational use of P, based on previous clinical nutritional examination of the herd, and by the constant and qualified technical assistance, there will be a significant difference in operational costs, with reduction of concentration of P in the mineral supplement. Malafaia et al. (2004) found a substantial reduction in costs and no adverse effects on health or weight gain when beef cattle were supplemented with P levels of P 21 or P 25 .
From a practical point of view, a supplementation with high concentrations of P, is a waste if in excess of requirement and if made without the knowledge of nutritional and clinical examination of herds and a constant technical assistance, can represent an unnecessary cost for livestock production. Additionally, according to several estimates, mineral supplementation may constitute 10-20 % of the operational cost of beef cattle raised in grasslands, which justifies the research studies on the subject in Brazil (Peixoto et al. 2003; Lemos et al. 2013; Malafaia et al. 2004 Malafaia et al. , 2014 . This experiment did not test if there would be a response to a zero P supplementation, but rather tested a reduction in P concentration, because it was carried out in a private farm which the main objective is to achieve profit. Therefore, based on the absence of clinical signs of deficiency of P in animals, the maintenance of reproductive and productive parameters of the herd and the lowest annual costs with mineral supplementation (Table 8) , the farmer and his technical assistance chose to use the P 18 supplement for all cows of his farm.
Although technically feasible, manufacturing and marketing mineral mixtures with less than 40 g kg −1 P is prohibited in Brazil. Thus, it is expected that the results of this experiment are further support to other published papers that P supplementation in Brazil needs to be examined more closely and that the level of P in supplements would depend on a better identification of those areas where a response to P would be observed. Phosphorous supplementation for beef cattle in Brazil should always be based on clinical and nutritional examination of the herds and by a constant technical assistance by professionals with solid knowledge on the subject.
Conclusion
During 3 years of experimentation, in typical conditions of beef cattle production in the Brazilian cerrado, the reproductive parameters of cows and the weight at weaning of calves were not influenced by the reduction of P concentration in the mineral supplement. However, there was a significant reduction in the annual costs with the mineral supplementation with the formula containing 18 g kg −1 P in its composition.
